Background. Left ventricular endocardial reentry is the conventional concept underlying surgery for ventricular tachycardia (VT). We assessed the incidences of patterns showing complete reentry circuits at either the subendocardial or subepicardial level and of patterns in which left ventricular endocardial mapping could only in part account for a reentrant mechanism.
Background. Left ventricular endocardial reentry is the conventional concept underlying surgery for ventricular tachycardia (VT). We assessed the incidences of patterns showing complete reentry circuits at either the subendocardial or subepicardial level and of patterns in which left ventricular endocardial mapping could only in part account for a reentrant mechanism.
Methods and Results. We retrospectively analyzed epicardial and left ventricular endocardial isochronal maps of 47 VTs induced in 28 patients with chronic myocardial infarction (inferior, 14 patients; anteroseptal, 14 patients). Electrograms were recorded intraoperatively from 128 sites with epicardial sock and transatrial left ventricular endocardial balloon electrode arrays. Given the methodology used in this study, the mapping characteristics of the tachycardias suggested five types of activation patterns: 1) complete (90% or more ofVT cycle length) subendocardial reentry circuits in seven VTs (15%) and seven patients (25%), 2) complete subepicardial reentry circuits in four VTs (9%o) and four patients (14%), 3) incompletely mapped circuits with a left ventricular endocardial breakthrough preceding the epicardial breakthrough in 25 VTs (53%) and 21 patients (75%), 4) incompletely mapped circuits with a left ventricular epicardial breakthrough preceding the endocardial breakthrough in three VTs (6%) and three patients (11%), and 5) a right ventricular epicardial breakthrough preceding the left ventricular endocardial breakthrough in eight VTs (17%) and seven patients (25%). After surgery, one type 3 VT and three type 5 VTs were reinducible. Thus, left ventricular endocardial reentry substrates (types 1 and 3) accounted for 68% of VTs, but substrates involving subepicardial (types 2 and 4) and deep septal layers (type 5) accounted for 32% of VTs.
Conclusions. In a substantial number of VTs, a substrate localization that is at variance with the conventional concept can be detected by simultaneous epicardial and endocardial mapping and may require modification of the surgical approach conventionally aimed at endocardial layers. (Circulation 1991;84:1058-1071) T he concept of reentry within subendocardial regions bordering a left ventricular aneurysm was derived from electrode catheter and intraoperative mapping techniques based on single-site recordings.12 It has provided the first widely accepted model underlying the direct surgical approach to the treatment of ventricular tachycardias in chronic myo-cardial infarction. 13 Accordingly, intraoperative mapping concentrated on the left ventricular endocardium has become the standard procedure to guide surgery, leading to a significant improvement in results over previously used techniques. [4] [5] [6] [7] [8] [9] [10] The mapping technique in use at our institution consists of computerized mapping of the left ventric- TABLE ular endocardial surface simultaneous with the entire epicardial surface of the ventricles.10"11 In the present study, we retrospectively analyzed mapping data obtained during surgery in 28 patients with postinfarction ventricular tachycardia. This analysis led us to group the patterns of ventricular tachycardias into five types according to the following criteria: The relative timing of the earliest activations on the endocardial and epicardial surfaces, detection of a complete reentry pattern in which 90% or more of the tachycardia cycle length was accounted for by actual recordings and the site of earliest activation was localized next to the site of latest activation, and localization of the epicardial breakthrough on either the left or the right ventricle. This analysis suggests that left ventricular endocardial mapping alone may underestimate the significance of concomitant epicardial mapping.
Methods

Patient Characteristics
Twenty-eight consecutive patients underwent intraoperative computerized activation mapping to guide surgical therapy of refractory sustained monomorphic ventricular tachycardias. Their clinical and other characteristics are listed in Table 1 . All patients had had a prior myocardial infarction (anteroseptal in 13 patients, inferior in 14, and both anterior and posterior in one). Preoperative electrophysiological testing, including a train of 10 paced beats at two basic cycle lengths and introduction of one to three extrastimuli delivered at two right ventricular sites, demonstrated the inducibility of sustained monomorphic ventricular tachycardia in all 24 patients in whom it was performed. In the remaining four cases, ventricular tachycardia was incessant in two, and more than 10 episodes occurred per day in two patients. All operative survivors underwent repeat electrophysiological testing approximately 10 days after surgery through the use of pairs of epicardial wires sutured on each ventricle; the programmed stimulation protocol at that time was as described above. The institutional committee on human research approved the study protocol.
Intraoperative Mapping
Under normothermic cardiopulmonary bypass, multielectrode mapping of ventricular activation was accomplished during sustained monomorphic ventricular tachycardias induced by programmed stimulation. Sixty-four unipolar electrograms were recorded from the surface of the right and left ventricles with an epicardial sock electrode array, and 64 unipolar electrograms were recorded from the left ventricular endocardial surface by means of an inflatable balloon (Institut de Genie Biomedical, Ecole Polytechnique, Universite de Montreal) introduced into the intact left ventricle from the left atrium.1012 The unipolar electrograms were recorded with reference to Wilson's central terminal. The locations of the mapping electrodes represented on polar epicardial and endocardial grids are illustrated in Figure 1A .
We used a digital data acquisition system based on a micro-VAX host computer (Digital Equipment Corp., Maynard, Mass.) programmed with custommade software." The version of the system used in most cases offered the capability of recording from 128 sites simultaneously. The signals were amplified by programmable-gain analog amplifiers with a 0.05-200-Hz bandwidth, multiplexed, sampled at 500 Hz, and converted to a 10-bit digital formiat. Files containing either 1 second or 26 seconds of continuous data were selected and stored on hard disk during surgery. Data were analyzed in 1-second time windows selected from the stored material. The computer automatically detected activation times on each electrogram as the points of most rapid change in potential with a negative slope of more than -0.5 mV/msec. Each activation map was generated for a single beat over a time interval corresponding to the duration of one tachycardia cycle. The zero activation time was defined as the earliest activation detected within this time interval. When continuous activity was detected from beat to beat with lowamplitude activity spanning the diastolic interval (see below), the zero activation marked the beginning of the "bulk" activation of the ventricles, which lasted through the QRS duration of the surface electrocardiogram. Thus, the onset of the surface QRS complex was not used as a reference to define activation times. It is noteworthy, however, that the zero activation time preceded the onset of the QRS complex by less than 30 msec. To verify computer-selected activation times and detect slowly conducted, low-amplitude activity, each electrogram was displayed on the video screen with automatic detections indicated by vertical cursors. The operator usually edited the detections by moving the cursors on the basis of the generally recognized interpretation of the unipolar waveform in infarcted myocardium.1314 In particular, slowly conducted, late activity was detected as lowamplitude rS or qS deflections with slopes between -0.1 and -0.4 mV/msec. When detected, this activity was delayed beyond the QRS complex and corresponded to middiastolic or presystolic activity, as described by others.4 '15 In contrast to these authors, we expressed this as late activations rather than as negative activation times. Isochronal maps were determined by interpolation and drawn automatically by the computer for selected cycles of ventricular activation beginning at the zero reference time. The maps are presented with isochronal lines labeled with their appropriate timing value, and timing at individual sites is indicated only when it is not adequately represented by isochronal lines. To determine the significance of late activity, we did not attempt any intervention (e.g., pacing, cryothermia, or digital pressure), as was done by others.15 Rather, this was accomplished by interpretation of the global activation sequence of epicardial and endocardial surfaces (see "Discussion").
Results
Activation maps of the entire epicardial and left ventricular endocardial surfaces were analyzed in 47 morphologically distinct ventricular tachycardias (lasting for more than 30 seconds): 24 tachycardias were associated with anterior myocardial infarction ( Table 2) , and 23 tachycardias were associated with inferior myocardial infarction ( Table 3 ). The mean cycle length of these tachycardias was 279±60 msec (range, 185-420 msec). Based on their mapping characteristics, we distinguished five types of activation patterns. The main features and relative incidences of these tachycardias, as summarized in Table  4 , are described below.
Type 1: Complete Subendocardial Reentry
In this type of activation pattern, the earliest left ventricular endocardial activation ("leading activation" in Table 2 ) preceded the earliest epicardial breakthrough ("following breakthrough") with a relative timing of 6-69 msec. The left ventricular map displayed a complete reentrant pattern. The criteria for complete superficial reentry were that 90% or more of the tachycardia cycle length be accounted for by actual recordings and that the earliest (zero time) and latest activations be recorded from immediately adjacent electrode positions. As illustrated in Figure  1 , the endocardial isochronal map presented a figureeight circus movement pattern, whereas the epicardial isochronal pattern displayed spread away from the epicardial breakthrough area. The electrograms recorded at the endocardial level displayed a contin-uous sequence of local activations along the common pathway of the figure-eight pattern (Figure 1 , sites F-K) leading back to the onset of the next tachycardia cycle (Figure 1 , site A).
The critical role of late activations in the postulated reentry mechanism is supported by observations that tachycardias with type 1 characteristics terminated spontaneously when block occurred at these sites, as illustrated with selected maps and electrograms in Figures 2 and 3 . The tachycardia terminated when local block occurred at distal sites along the common return pathway of the figure-eight pattern (beat 1: sites I and J) before breakthrough on the lateral wall of the left ventricle. During spontaneous termination of tachycardia (as studied in four tachycardias with type 1 characteristics), conversion to sinus rhythm occurred within three cycles after the first manifestation of destabilized conduction in the common return pathway. Type 2: Complete Subepicardial Reentry
In the second type of ventricular tachycardia, the earliest left ventricular activation followed the earli- est epicardial activation, and the epicardial isochronal map displayed a complete reentrant pattern. Except for the fact that reentry occurred at the epicardium, the criteria for complete reentry were the same as in type 1. Figure 4 shows a figure-eight isochronal pattern mapped on the epicardial surface and selected epicardial electrograms illustrating the continuous sequence of local activations along the common return pathway (sites G-K) leading back to the onset of the next tachycardia cycle (site A, zero time). On the underlying endocardium, activation spread out from two distinct breakthrough sites.
Type 3: Onset of Left Ventricular Endocardial Activation Preceding Onset of Epicardial Activation but Without Superficial Reentry
In a third type of ventricular tachycardia, the earliest breakthrough occurred on the left ventricular endocardium and preceded the onset of epicardial activation, but there was no evidence of complete reentry on either the left ventricular endocardium or the epicardium, as illustrated in Figure 5 . The epicardial and endocardial maps showed double-pronged propagation patterns; on either surface, two opposing wave fronts (arrows) spread out from the site of earliest activation and collided at the opposite margin of the scar. Further propagation across the scar was not detected. Total endocardial and epicardial activation times accounted for less than 90% of the tachycardia cycle length. Consequently, complete reentry was not detected in the superficial layers of any single surface (endocardial or epicardial).
Type 4: Onset of Left Ventricular Epicardial Activation Preceding or Simultaneous With Onset of Left Ventricular Endocardial Activation but Without Superficial Reentry
In a fourth type of tachycardia, the onset of epicardial activation either preceded or occurred simultaneously with the onset of left ventricular endocardial activation, but there was no complete superficial reentry, as illustrated with the VTa (monomorphic ventricular tachycardia of negative concordant pattern) morphology in Figures 6C (maps a2 and al) and 7 (selected electrograms). The earliest activation was detected on the epicardium at the apex (EPI A) and preceded the underlying left ventricular endocardial breakthrough by 20 msec (ENDO A). Delayed activation occurred around an arc of block on the epicardium at the margin of the inferolateral infarct (EPI C and EPI G).
VTa underwent a spontaneous change to a type 3 morphology, VTb (left bundle branch block pattern).
Note that the late epicardial activity and arc of functional block seen in VTa were still present at the same location after the change to VTb in which, however, the earliest activation occurred on the endocardium (ENDO B) at the laterobasal margin of the scar, preceding the overlying epicardial breakthrough (EPI B) by 34 msec. The change in morphology may have been caused by intramural rerouting of the return impulse from an epicardial to an endocardial exit point (Vyb, broken arrow). Thus, late epicardial activity common to both tachycardic morphologies appeared to be part of a reentry circuit that probably involved intramural muscle layers. Type 5: Onset of Right Ventricalar Epicardial example, the epicardial breakthrough occurred over a Activation Preceding or Simultaneous With Onset of wide portion of the right ventricular free wall. In the Left Ventricular Endocardial Activation other patients, epicardial breakthrough occurred in the In a fifth type, the epicardial breakthrough occurred anterior or posterior paraseptal region. These breakon the right ventricular epicardium either preceding or through areas were different from the right ventricular simultaneously with the left ventricular endocardial epicardial breakthrough mapped during sinus rhythm. breakthrough that was always localized on the left There was no evidence of a complete superficial reentry ventricular septum, as illustrated in Figure An analysis of variance showed a significant interaction among the five types of tachycardia with respect to the cycle length (F= 3.48, p<0.05).16 Pairwise comparisons indicated that the cycle lengths in types 1 and 2 (superficial reentry) were significantly shorter than those in types 3 and 4 (p<0.01). The type 5 cycle length was not different from the cycle lengths in types 3 and 4.
Ablation Procedures and Clinical Results
Surgical techniques used to ablate these ventricular tachycardias were described in detail previously.10 In brief, regional cryosurgery guided by detection of the earliest left ventricular endocardial activation was used as the sole ablative procedure for all ventricular tachycardias. The type 2 or 4 characteristics of three morphologies were recognized during retrospective analysis only, well after surgery, but in all of these the epicardial substratum was altered by ventriculotomy and none was reinducible after surgery. Epicardial cryosurgery was used in the remaining four tachycardias with type 2 or 4 characteristics, and they were not inducible after surgery. One patient died after surgery, and electrophysiological study, including as many as three extrastimuli, was performed in all survivors. Ventricular tachycardias similar to the preoperative clinical tachycardias and mapped at the time of surgery were reinducible in four patients (14.5%): three had type 5 and one had Polar representation of endocardium with region of infarction (shading), recording sites (dots), and selected recording sites (A-L; see Figure 3 ). Panel C: Beat-by-beat isochronal maps of endocardial (ENDO) activation during the last three cycles ofthe tachycardia (beats 3-1), a transition beat (beat 0), and resumption ofsinus rhythm (SR). During ventricular tachycardia, isochronal maps displayed a figure-eight pattem with the earliest activation on the left lateral free wall and double loops on the left anterior and postenor walls (arrows) merging on the septum into a slow common wave front that propagated back to the lateral wall across the apex. Note that activation block (encircled dash) occurred in distal part ofcommon reentrantpathway in the last beat of the tachycardia (beat 1). type 3 characteristics (Table 3 ). The latter was a septal tachycardia with characteristics very similar to the definition of type 5; its origin preceded an anterior paraseptal epicardial breakthrough by only 14 msec. Thus, the reinducibility rate was 38% (three of eight) for type 5 tachycardias and 4% (one of 25) for type 3 tachycardias. All of the other mapped tachycardias were ablated successfully. A new form of ventricular tachycardia not seen before or during surgery was inducible in two other patients. Each of these tachycardias had a left bundle branch morphology, suggesting a type 5 pattern that might have been missed at surgery.
Discussion
Catheter and intraoperative mapping based on single-site probe recordings may have underestimated the significance of the epicardial/endocardial timing relation and led most surgical teams to focus on the left ventricular endocardium.1-9 The computerized, multiple-site epicardial and endocardial mapping methodology used in the present study led us to group the patterns of ventricular tachycardias into five types. If we combine the tachycardias with type 1 characteristics (complete left ventricular endocardial reentry: seven of 47 tachycardias) and those with type 3 characteristics (leading left ventricular endocardium but without complete reentry: 25 of 47 tachycardias), a total of 32 of 47 tachycardias (68%) Unipolar electrograms recorded from selected sites (see Figure 2B , sites A-M) during the last three cycles of the tachycardia (beats 3-1), a transition beat (beat 0), and resumption ofsinus rhythm (SR). Electrograms E-J were recorded along the common reentrant pathway, and electrograms K and L were recorded at its exit on the left lateral free wall. Note that spontaneous termination occurred when local block occurred at distal sites in the common pathway (beat 1: sites I and J). In SR, the endocardial breakthrough (zero) occurred on the septum; electrograms recordedfrom several sites that were located in the common reentrant pathway during tachycardia were activated late and displayed multiple deflections in SR. CL, cycle length.
msec
conformed with the conventional model of a left ventricular endocardial ventricular tachycardia origin. In contrast, type 2 (complete left ventricular epicardial reentry: four of 47 tachycardias), type 4 (leading left ventricular epicardium: three of 47 tachycardias), and type 5 tachycardias (leading right ventricular epicardium: eight of 47 tachycardias) combined to constitute as much as 32% of the tachycardias and did not fit this model. This is a higher incidence than previously assumed from endocardial mapping with a roving probe, which frequently yields incomplete maps. Furthermore, ventricular tachycardias often become noninducible after ventriculotomy, thereby precluding determination of the epicardialV endocardial timing relation.4,6-9'1517 With the use of a transatrial balloon electrode for endocardial mapping of the intact left ventricle, we reproduced the results of others in achieving a 100% inducibility rate and were able to examine the epicardial/endocardial relation.10,17
The complete reentry patterns shown in the present report (subendocardial in Figure 1 and subepicardial in Figure 4 ) were based on detection throughout diastole of discrete unipolar deflections occurring at adjacent sites of the common pathway of a figureeight pattern; their timing was delayed (late activations) with reference to the onset of the ventricular tachycardia cycle (zero). The critical role of these late activations in reentry was supported by interruption of the tachycardia after slowing and block of conduction occurred at these sites (Figures 2 and 3 ). We took activation at the exit of the common pathway as the onset of the next tachycardia cycle (zero). As it happened, this reference point was always Electrocardiogram leads I, II, III, and V6 were recorded during a fast ventricular tachycardia. A fast ventricular tachycardia (left bundle branch block pattem; cycle length [CL], 194 msec) was induced in a patient with an inferior myocardial infarction and subepicardial extension on the left inferolateral free wall (Table 3 : patient 5, ventricular tachycardia 6). The epicardial (EPI) map (panel B, top) shows that the earliest activation (zero time) was detected on the inferior free wall of the left ventricle between the basal and apical portions of the epicardial scar. From this area, activation spread out in two circular wave fronts, with a counterclockwise sequence along the inferobasal portion and a clockwise sequence along the apical portion of the region of infarction (arrows). These wave fronts circumvented areas of inexcitability (dash) and reunited at the inferolateral margin of the scar (activation time, 142 msec). The common wave front (activation from 142 to 176 msec) propagated back to the site of onset ofEPI activation (zero time). The figure-eight pattem that was mapped on the left ventricular epicardium encompassed 92% ofthe tachycardia CL (176 of 194 msec), and the earliest (zero time) and latest activations (176 msec) were recorded from immediately adjacent electrode positions, thereby fulfilling the criteria for superficial reentry on the EPI surface. The endocardial (ENDO) map (panel B, top) shows two distinct breakthrough (BT) sites that were activated simultaneously, 50 msec after the onset of EPI activation: one was localized on the inferiorfree wall, and the other was localized on the inferior apical margin ofthe infarct. ENDO activation sequence extended over only 100 msec (from 50 to 150 msec) (i.e., 52% of the tachycardia CL). Panel C: Unipolar electrograms recorded from selected sites on the EPI surface (see panel A, A-K) and the ENDO BT site. Vertical lines show QRS onset of the surface electrocardiogram (V6) that occurred at approximately 50 msec. Activation times are indicated by arrows. Late activations were recorded along the slow common pathway of the figure-eight pattem (sites I-K). within 30 msec preceding the onset of the surface QRS. Miller and his associates, using the QRS onset of the surface electrocardiogram as their absolute reference point, designated the critical sites for reentry as "sites of earliest activation" with negative timing values (also called presystolic or middiastolic activity).4,15 In assigning late activation times to sites of slow conduction rather than negative timing values, we followed the conventions used in computerized mapping, which has been used mainly in exper-imental laboratory investigation.18-20 Likewise, we used the term "figure-eight pattern" to describe double-loop reentry circuits.18 In tachycardias with type 1 or 2 characteristics, late activity of the "leading" surface corresponded to the return pathway of the reentrant circuit and were, accordingly, localized adjacent to the site of onset of the next tachycardia cycle (zero activation time).
In contrast, late activity was detected at a remote location with respect to the site of zero activation in tachycardias with type 3, 4, or 5 characteristics. These were characterized by an activation gap or "missed time interval"'19 of more than 10% of the tachycardia cycle length. Limitations in the spatial resolution of mapping and/or participation of intramural layers not detectable with endocardial electrodes are plausible explanations for these gaps. 17, 21, 22 In Figure 6 , a change in ventricular tachycardia morphology occurred without modification of delayed subepicardial activation at the inferior margin of the infarct and may have been caused by intramural rerouting of the impulse, leading to a change in exit point from the subepicardial level at the apex to the subendocardial level at the lateral margin. The associated change in tachycardia cycle length is consistent with this interpretation of a modified return pathway. Harris et al'7 reported that the onset of epicardial activation preceded the earliest endocardial activation in a few tachycardias. More recently, Svenson et a123 reported that ventricular tachycardias were ablated by epicardial laser photocoagulation in 15% of their patients. It is interesting that 90% of these cases had either a right or a left circumflex coronary artery-related infarction. Our data also show a tendency for inferior infarct location in type 4 tachycardias and an equal distribution in type 2 tachycardias ( Table 3 ). The pathological observations of the Duke University group may explain why complete reentry circuits were sometimes found at the subepicardial level or involved a combination of subendocardial, intramural, and subepicardial muscles. These authors have shown that anterior infarcts are not necessarily transmural throughout the affected ventricular wall24 and that some inferior infarcts that are only subendocardial at the base become transmural in the middle third and intramural or subepicardial near the apex. 25 The participation of intramural layers to a greater extent in types 3-5 than in types 1 and 2 tachycardias suggests an explanation for significantly longer cycle lengths in the former group. It is reasonable to expect that superficial reentry circuits may be of smaller In VTa (type 4), the earliest activation occurred on the epicardium at the apex and preceded the underlying ENDO breakthrough by 20 msec. EPI wave front propagated around an area of block (line) and produced late activation at the inferobasal margin of the scar tissue (arrow). Reentrant wave front may have propagated back to the area of earliest activation along a pathway that was missed by our recording array (broken arrow). In VTb (type 3), the earliest activation occurred on the endocardium at the laterobasal margin of the scar and preceded the overlying EPI breakthrough by 34 msec. An EPI wave front propagated around the arc of block and produced late activation at the inferobasal margin of the scar, as in VTa. However, the reentrant wave front may havepropagated backfrom the epicardium to the endocardium along an intramuralpathway (broken arrow). It is hypothesized that the change in morphology may have been caused by rerouting of the reentrant wave front. CL, cycle length; LAD, left anterior descending coronary artery; PDA, posterior descending coronary artery.
dimensions than circuits that incorporate intramural muscle layers, assuming similar conduction velocities in depressed segments. Of course, the involvement of intramural layers in the tachycardias that we analyzed remains hypothetical. Reentry circuits spanning the complete ventricular wall thickness have been demonstrated with transmural needle electrodes in canine myocardial infarctions. 26 Despite the fact that the earliest activity in type 5 tachycardias was recorded on the right ventricular free wall, the reentry circuit was most likely localized in deeper layers,27 possibly within the right half of the interventricular septum; the impulse might have been blocked in the infarcted left half of the septum and would then have exited toward the right into normal myocardium. This interpretation is compatible with the findings of Bolick et al,28 who found at autopsy of patients with ventricular tachycardia complex infarct anatomy characterized by large areas of spared subendocardium, large intramural areas of patchy infarction, and a solid core that was assumed to provide barriers protecting reentrant circuits. In septal tachycardias, the anterior two thirds or the posterior third of the septum (depending on the occluded artery) is involved by the necrotic process, and the right half of the septum may be playing a role analogous to that of the subepicardium in free wall tachycardias. The complex nature of these septal tachycardias is emphasized by the poor surgical results obtained with type 5 tachycardias.29 In the present study, three of the four failures were caused by inappropriate ablation of type 5 tachycardias, making an inducibility rate of as much as 38% for this particular subgroup. Implications. Our data support the view that the "origin" of ventricular tachycardia is most frequently localized on the left ventricular endocardium but contribute further evidence that subepicardial or intramural layers may be involved in a minor but nevertheless substantial number ofventricular tachycardias. It is noteworthy that the proposed classification into five types is not meant to imply differences in mechanisms but rather to be a convenient system of analysis to improve the use of epicardial and endocardial mapping in planning the surgical procedure. Evidence for intramural reentry was acquired in animal mod-els26 as well as in humans30 with the use of multiple transmural needles. An alternate approach to the demanding multiple-needle technique is the simultaneous mapping of the epicardial and left ventricular endocardial surfaces, perhaps complemented with further developments in mapping technology, such as recording with a right ventricular balloon electrode or analyzing endocardial potential distribution. 31 We used a right ventricular balloon in a recent case of type t38t b2 20mV 500 msec 5 tachycardia and found that the right ventricular septal activation preceded both the epicardial breakthrough and the onset of activation of the left ventricular septum. Early during the mapping procedure, epicardial mapping can point to more complex ventricular tachycardias that may need the introduction of a right ventricular balloon. If the right side of the interventricular septum is involved in the tachycardia process, the standard procedures aimed at left ventricular endocardial layers are likely to fail. Krafchek et a132 reported a biventricular, transmural cryosurgical approach performed through a right ventriculotomy. We prefer introducing the cryoprobe through the right atrium and tricuspid annulus when feasible or, more frequently, using an alternate technique consisting of an endocardial resection followed by cryosurgery from the left ventricular aspect of the septum; resection of the scar should remove its insulating effect, thereby creating deeper cryothermal injury.
In conclusion, the three-dimensional view of the substratum of a given tachycardia can be derived from simultaneous epicardial and endocardial mapping data. Therefore, in guiding the surgeon toward endocardial, intramural, or epicardial substrates, this approach is likely to improve the success rate of surgery for ventricular tachycardia.
